Abstract-The application of wearable technology in education is an expanding area of interest to both educators and researchers in this field. Fundamental factors like students' interactivity and engagement with their learning have found to be easily achieved when effectively utilizing this emerging technology by academic institutions. This paper focuses on investigating recent applications of this evolving technology in the education field (within the last three years), and highlighting the limitations and obstacles accompanying these applications. The paper discussed the affordances of wearable technology in education and the negative aftereffects in order to judge how effective its employment is in enhancing students' learning and achievement in their studies. The paper concluded that there is a considerable number of restrictions that educators, and producers of this technology, should take into account before proposing further implementation of wearable devices in learning and teaching.
I. INTRODUCTION
The application of wearable technology in education is rapidly increasing over the past few years. Recent research demonstrated that wearable computing can be utilized by educators to improve the quality of, and facilitate, their delivery, while it could also be used by students to enhance the way they receive course syllabus, and their interaction and engagement with the curriculum. By using this technology, educators aim at improving students' achievement in their studies and their learning experience. "The increased use of mobiles has created an opening for other sorts of devices to enter the classroom" [1] .
Statistics on the production of wearable devices shows that around 13 million wearable devices were shipped to consumers in 2013, and that this number is anticipated to rise to 170 million by 2018 [2] . "Forrester Research reports that more than 20% of Internet-connected adults regularly use a wearable device" [1] . Such a tremendous growth reinforces the fact that educators, amongst other specialists, should consider the impacts of this technology on education/higher education and the learning experience of students.
Alongside a number of advantages, the employment of wearable technology in education is accompanied by a number of limitations and disadvantages. This research paper investigates the different factors associated with the application of this technology in the education field.
II. THE APPLICATION OF WEARABLE TECHNOLOGY IN LEARNING AND TEACHING
"Wearable technology is a kind of technology that is worn by a user which is used in obtaining specific information" [3] . This emerging technology provides students with a different information sharing experience related to the way the course material videos and audios are presented [3] . The wearable devices, which are believed to have educational use are: Google Glass, Muse, Virtual Reality and GoPro cameras [2] . The majority of references which provided definitions of wearable technology, focused on the aspect of information capturing and sharing. "Wearable technologies can be defined as wearable digital devices that often incorporate wireless connectivity for the purposes of seamlessly accessing and exchanging contextually relevant information" [4] .
Wearable Computing is a hands-free technology. This aspect is very important for students, as freeing-up their hands while remaining connected to the device's functionality enables freedom to move in the educational space and interaction with the real environment [5] . In addition, the hands-free access to information and knowledge supported by wearable devices inspires a new era of mobile learning design [6] .
Innovations in wearable technology renovated the learning and teaching process, where students deal with their studies in a more constructive, active, and self-directed way. Wearable technology enables opportunities for students to understand more quickly and access information with less mental input or actions. It is important to consider that utilizing wearable technology in education is totally different from the traditional learning methods, where students must attend classes at a fixed time and location. However, educators need to learn how to effectively employ wearable computing in an educational environment [7] .
Reference [4] investigated the feasibility of applying wearable technologies in tertiary education contexts. Their study involved 202 university educators and concluded that there is usefulness in utilizing wearable computing for learning and teaching. However, the participants were not very enthusiastic about the feasibility of using four different wearable devices suggested by the researchers in their classes. "Importantly, participants on average provided a significantly lower feasibility rating as compared to utility for the four use cases that were deemed to be of most value" [4] .
The new generation of pedagogical theories and They confirmed that employing this technology in higher education resulted in "students feeling a deeper connection with events and people…, deeper student analysis and understanding of scenario-based practices…, and seamless integration into student learning workflows" [8] .
Devices such as 'Google Glass', which is considered "the most important tool utilized in education", enable remote students to watch and listen to the lecture in the university without physical presence, e.g. students of the medical field watching a surgeon lecturer doing a surgery in real time [3] . Google Glass also enables students to receive text messages and alerts related to different aspects of their studies, e.g. assessment deadlines and notifications by their lecturer. It also "provides quantitative data relating to attention and focus", and "answer/translate questions in a foreign language" [2] . This wearable device also allows educators and students to stay connected to an interactive environment, where teachers can benefit from the facial recognition facility to generate a 'Student Information System' and take attendance [9] . Just by looking at individual students, teachers will get access to their records with details on their academic and non-academic performance and attendance rate. Such information could also be used to generate students' reports, class timings, and schedules for students [9] .
Virtual reality, such as Oculus Rift, has other noticeable impacts in education. It allows learners to experience learning differently and without the risk involved. It provides live scenarios for students and takes them to places that are either difficult, or sometimes impossible, to access in real-life, e.g. space studies, archeology courses, medical education, chemical engineering and aviation training. The utilization of virtual reality wearables in education enables hands-on, engaged and interactive participation of students in their learning process compared to the passive way of reading/watching lessons in a traditional classroom [10] . Oculus Rift is a wearable Head Mounted Display (HMD), which is a comfortable to wear, and light-weighted, stereoscopic display with ultra wide field of view (100 degree) that creates the immersion needed to experience virtual reality. It is also provided on affordable prices [10] .
Google Expeditions is another virtual reality wearable device that is used in education. It provides a unique classroom experience via enabling educators to accompany their students on guided virtual field trips. The device provides more than 200 different expeditions to places like museums, underwater and outer space, where students immerse in a 360-degree experience that enables them to explore some incredible locations [11] . "Expeditions are collections of linked virtual reality (VR) content and supporting materials that can be used alongside existing curriculum" [12] . Both 'Augmented Reality' and 'Virtual Reality' present persuasive applications for higher education, as their devices are designed to transfer learners to "any imaginable location across the known universe and transforming the delivery of knowledge and empowering students to engage in deep learning" [1] .
The wearable device that is utilized to record a lecture or students' performance on a tasks is GoPro camera. This device facilitates, and documents, lecturers' observation of the learning environment and their evaluation of students' performance. "GoPro camera is a wearable digital camera that can record action experiences and provide possibilities to capture embodied, sensory, kinesthetic and emotional knowledge and skills" [13] .
Muse is a brain sensing headband that measures brain activity, and generating data which is sent to a tablet or a smartphone using an embedded wireless connection. It is used to support the learning process of students by determining what keeps them focused [2] . "The Muse headset incorporates EEG sensors into a headband to monitor cognitive states of focus and distraction as an aid to meditation" [5] . Educators could obtain valuable data on their students using this wearable device during the lesson via monitoring level of engagement and cognitive focus.
Other wearable devices applied in education are smart jewelry/watches, which for example, are able to send notifications to both lecturers and students if situations in a laboratory become dangerous. A smart bracelet could be utilized to measure hydration levels, distance walked (in steps) and heart and breathing rates. The data is transferred by the bracelet to a tablet (or a smart phone), where the lecturer can monitor students' physical activities and ensure that they achieve their targets while remaining safe [2] . The smart watch is considered the most precise information displaying device in education, and it has "an extremely simple and a wonderful system that lets the students send messages to their teachers if they are too shy to ask out loud" [14] . Smart watches are increasingly becoming popular amongst people being more productive and convenient alternatives to smartphones [1] .
Wearable technology could be utilized to help students with illness, disabilities and/or learning difficulties, e.g. to monitor autistic students and send alerts when certain situations happen, which increases their safety within academic settings [2] . Another example is diabetic students, who "can utilize wearable technology to better manage their medical condition so missed class time is reduced" [2] . Research showed that disabled students benefit hugely from the many advantages that the application of wearable technology brings to their education, as it makes their learning process easier and enables them to compensate their handicap. "Students with vision or attention issues are able to participate in class undisturbed, or using bone conduction together with smart glass device could help students with hearing loss" [15] .
III. LIMITATIONS OF WEARABLE TECHNOLOGY IN EDUCATION
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An important limitation to the use of wearable computing in education is overreliance on technology [6] . Some educators believe that the continuous use of wearable devices by students make them dependent on this technology, hence obstructing independent thinking. Students might become reliant on wearable devices to give them answers and/or decisions on what to do next, which reduces their ability to think critically [6] .
In discussing the restrictions associated with utilizing Google Glass for educational purposes, the lecturer is required to wear the Glass throughout the lecture time, and upload the course material alongside the recording of the session to the internet [3] . Although the students can directly access the online material submitted by their lecturer, who will interact with them online, this process requires continuous and stable access to the internet at all times (for the type of material shared), and also demands a certain level of computing skills by both the lecturer and students to achieve this. Another limitation is possible distraction to students, which is considered much higher than that caused by using smart phones, in addition to certain invasion of privacy issues [9] . Moreover, "prolonged usage of Google Glass can cause health issues mainly damaging eyesight", and the excessive use of on-the-go social media applications may harm the user's personal life [9] . In the same regard, many educators believe that wearable technologies negatively impact the quality of learning acquired by students due to the distraction the wearable devices cause and the facility they provide for students to view non-subject related material at any time, resulting in not being engaged in their learning [6] . This makes it harder for educators to monitor and manage students' attitude towards their learning.
With regards to the ability to share/transfer information, wearable devices' capacity to instantly transmit and receive data presents a number of concerns related to privacy, social, and ethical issues [16] . Moreover, the ICT infrastructure must be addressed, as it plays a vital role in ensuring an uninterrupted and widespread internet that is needed for an effective running of wearable devices in educational institutions. These issues, alongside possible students' distraction while using wearable devices especially in large overcrowded classrooms, raise a significant concern regarding the feasibility of using this technology in the education sector [16] .
In addition to the above, wearable devices are rather small and light, and they do not usually have their own wireless internet connection; instead, they need a smart phone or a computer to connect to the internet [17] . Therefore, "the wearable is, with some exceptions, essentially useless without a smart phone connection" [17] . This could be an obstacle facing an effective application of this technology in education, as although the majority of today's students carry their smart mobile phones with them at all times, not every student's smart phone will have the type and quality of internet service required for the above highlighted information sharing. In addition, students running various wearable applications on their smart phones are expected to drain their batteries very quickly. Also, certain wearable devices will demand their own larger battery capacity to cope with heavy use, e.g. a full-day use of Google Glass requires re-charging of the Glass in mid-day [17] . Many educators felt that using wearable devices in education is likely to be accompanied with technical problems, which limits their usage, e.g. network connectivity and battery life [6] .
One of the reasons behind the under-utilization of wearable technology by educators in tertiary education is they do not believe that the application of this technology in learning and teaching has sufficient pedagogical value [4] . The other possible reason, the reference added, is that educators consider the implementation of wearable computing in their classes as not feasible. Other obstacles highlighted by the reference were: technological issues, the cost of wearable devices, possible distraction to students, privacy concerns and resistance to change. It is crucial for educators to first develop a good understanding of the affordances of wearable technologies in education in order for them to utilize their pedagogical opportunities for an effective implementation in learning and teaching [6] .
In the same regard, there are three challenges related to addressing pedagogical practice and theories when using virtual reality wearable devices in education. These are: cost, usability and fear of technology [10] . Another important factor associated with the use of virtual reality in education is students' attitude towards this technology and their readiness to incorporate it in their learning. The reference added that in some HMD devices, such as Google Cardboard, which incorporate a smartphone, the head tracking is achieved using the built-in accelerometer of the phone, which causes lag, motion sickness and/or headaches for many users.
Leading companies in the wearable computing industry, e.g. Google, Samsung, and Apple are producing different wearable devices that could have a noticeable impact in education; however, there are some valid reasons behind people not being very enthusiastic to buy them just yet. Such reasons could be the cost, a not eye-catching design, battery lifetime, and the overheating issue. Moreover, wearable devices are almost non-functional without the smart phone being close to them at all times. "Wearable devices from Google, Motorola, and even apple have already been criticized for poor battery life for reason other than GPS support. Recording video would drain Google glass battery pretty quickly" [18] . A number of researchers and educators criticized the high cost of wearable devices. This aspect forms a practical issue, as the prices of wearable devices are much higher than those of smart phones, which makes these devices inaccessible to many students [6] . This is an obstacle facing educational institutions when thinking to consider integrating this technology in learning and teaching activities.
Reference [19] indicated further apprehensions that "the proliferation of wearable devices may also increase concerns about privacy and security of data, dependence on outside vendors for storage and analysis of big data, and access by students of all socioeconomic levels". By using these devices, students are capable of taking photos sneakily and recording videos without permission [6] . There might be some legal issues/consequences involved in the use of wearable technologies in education, e.g. recording informal interactions with the lecturer during the recording of the session then using this recording when issuing a complaint.
This requires educators and/or academic institutions to have a firm policy to control this [6] .
The screen size of wearable devices is another issue facing the extended use of this technology in education. A small display can limit the amount of information shared between educators and their students at any given time. This issue forms an area of concern to many educators and academic organizations. "Wearable display size is small, which may create issues for users to adopt it. 12% believed that display/interface dimensions are not enough, because it may be hard for the users to read a text from such a small display" [20] .
In addition to the above, the possibility of cheating during exams has risen with the introduction of wearable computing in education. Sharing of information, which is greatly facilitated by different wearable devices, some of which could be quite small and/or difficult to recognize, have made exam invigilation harder. Some educators believe that one of the serious negative impacts of wearable technologies in education is their possible use by students to cheat on exams, e.g. recording an online test and sharing it with others [6] . "Recently, some UK universities banned student from wearing watches during examination… The reason that some student can use smart watches to cheat" [18] .
IV. CONCLUSION
Similar to other technologies, the application of wearable computing in education has a number of advantages, but also accompanied by a number of restrictions. Although the degree of individual limitation depends mainly on the type of wearable device and the educational scenario it is applied in, there is a considerable number of different situations, where the application of wearable technologies in learning and teaching results in negative aftereffects.
The various examples contained within this paper could be used efficiently by educators and/or educational institutions to develop the way they implement wearable devices in the education of their students.
